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Remarks 

Applicants request entry of the amendments. The amendments place the 
application in condition for allowance or better form for appeal. 

Applicants have amended the specification at page 12 as suggested by the 
Examiner. One of skill in the art was familiar with the 72K protein of the E2A region of 
adenovirus as one of the proteins encoded by E2, and clearly the word "especially" in this 
paragraph identifies that other regions of E2 exist and can be selected for use in the cell 
lines of the invention. 

Applicants have amended claims 36, 45, and 61 to recite particular gene or 
adenoviral regions as "the only adenoviral genes that have been rendered non-functional." 
These amendments address the Examiner's comments at pages 3-4 of the Office Action. 
Furthermore, claim 45 includes the Examiner's suggested language with respect to the 
optional E3 gene. 

Claim 73 is amended to change the recitation of E3 to E2. 

Applicants have added new claim 85, as required to preserve the subject matter 
according to the Office Communication of April 10, 2006. 

No new matter enters by these amendments. 

Response to Rejections 

Claims 36-39 and 45-84 stand rejected under 35 U.S.C. § 112, first paragraph, for 
allegedly failing to comply with the enablement requirement. The Examiner suggests that 
embodiments where specific adenoviral genes are the only non-functional genes present 
can be enabled. 

Applicants' specification refers to many known and characterized adenoviral regions 
(see page 2, lines 1-20, for example). The specification also specifically indicates that non- 
functional E1, E2, E4, L1-L5 can be used (see page 3, line 34, through page 4, line 5, for 
example). The specification also specifically refers to all of part of E2 and all or part of E4. 
The Examples in the specification also detail the numerous replication defective 
adenoviruses and complementing cell lines one of ordinary skill in the art could produce 
from the teachings of Applicants' specification. One of skill in the art at the time could have 
used the available information on adenoviral sequences to prepare replication defective 
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adenoviruses and complementing cell lines containing multiple deletions, mutations, or 
non-functional regions. In fact, one of skill in the art knew of existing adenoviral mutants 
containing deletions that one of skill in the art could have used for these purposes (see 
Thimmappaya et al., enclosed). 

Furthermore, the specification discusses the use of complementing cell lines, 
including 293 cells, KB cells, HeLa cells, for example, at page 11, line 35 through page 12, 
line 1, and page 15, lines 12-30. 

Accordingly, Applicants respectfully submit that the specification, coupled with the 
skill one in the art would have possessed, would allow the introduction of more than a 
single or a specified number of gene modifications. The ability to manipulate adenoviral 
sequences to effect function was known, for example in Le Gal La Salle et al. (Science 
259:988-990; copy enclosed). In combination with the teachings of this specification, 
numerous regions and genes within the adenoviral genome could have been rendered non- 
functional to produce replication defective adenoviruses, as well as cell lines that 
complement the non-functioning genes. 

Furthermore, in accordance with the reasoning in the unpublished decision of Ex 
parte Saito (copy enclosed), and the Federal Circuit precedent in In re Cortright , 49 
U.S.P.Q.2d 1464 (Fed. Cir. 1999) and CFMT, Inc. v. Yieldup Int'l Corp. , 68 U.S.P.Q.2d 
1940 (Fed. Cir. 2003), it appears that the Examiner is requiring that an improper burden be 
met to show enablement in this case. Applicants need not show that every conceivable 
embodiment of the claims be operable. Also, Applicants need not show that aspects of the 
claims that are not recited be specifically enabled. In this case, the apparent reasoning is 
that claims cannot be enabled unless there is a specific, enabling demonstration that what 
they do not recite (i.e., non-functional genes not recited in the claims). Applicants submit 
that such a burden is inappropriate. Applicants have stated in the specification that the 
invention as claimed is enabled and provided sufficient examples and description to 
support the claims. 

Solely to advance prosecution, Applicants have added to claims 36, 45, and 61 a 
recitation that relates to only particular adenoviral genes being rendered non-functional. 
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The Examiner rejects claims 73-76 under 35 U.S.C. § 112, first paragraph, for failure 
to comply with the written description requirement. Applicants have amended claims 73 to 
recite "E2" instead of "E3." The specification describes such cell lines at, for example, page 
12, lines 5-13, and the Examples. 

As all the objections and rejections have been addressed and countered by 
argument or amendment, the application is in condition for allowance. Timely notification of 
allowability is requested. 

If there are any additional fees due with the filing of this document, including fees for 
the net addition of claims, applicants respectfully request that any and all fees be charged 
to Deposit Account No. 50-1 1 29. If any extension of time request or any petition is required 
for the entry of this paper or any of the accompanying papers, applicants hereby petition or 
request the extension necessary. The undersigned authorizes any fee payment from 
Deposit Account No. 50-1 129. 



Wiley Rein & Fielding LLP 

Attn: Patent Administration 
1 776 K Street, N.W. 
Washington, D.C. 20006 
Telephone: 202.719.7000 
Facsimile: 202.719.7049 



Respectfully submitted, 
Wiley Rein & Fielding LLP 



Date: June 22, 2006 
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The opinion in support of the decision being entered today was not written 
for publication and is not binding precedent of the Board. 

UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 

Ex parte NORIMITSU SAITO and MING ZHAO 

Appeal No. 2005-1442 
Application No. 09/734,786 

ON BRIEF 

Before ELLIS, SCHEINER, and GRIMES, Administrative Patent Judges . 
GRIMES, Administrative Patent Judge . 

DECISION ON APPEAL 
This appeal involves claims to a method of introducing a nucleic acid into a 
subject by modifying and transplanting hair follicles. The examiner has rejected the 
claims as nonenabled. We have jurisdiction under 35 U.S.C. § 134. Because the 
examiner has not shown that undue experimentation would have been required to 
practice the claimed method, we reverse. 

Background 

The specification discloses that "histocultured tissues, including tissues 
containing hair follicles, can be successfully modified genetically ex vivo and then 
transplanted successfully into an intact mammalian subject. The success of the 
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modification is enhanced by treating the histocultured tissues with collagenase prior to 
genetic modification." Pages 2-3. 
The specification states that 

[although it is advantageous to treat the cultured tissue with collagenase 
in order to enhance the ability of the tissue to accept heterologous nucleic 
acids, the treatment is not so severe as to destroy completely the integrity 
of the three-dimensional array. 

The three-dimensional histoculture can be assembled from any tissue, 
including skin, especially skin containing hair follicles, lymphoid tissue, or 
tumor tissue. The choice of tissue will depend on the nature of the 
treatment contemplated. . . . 

For example, hair follicles are useful recipients of genes intended to affect 
the growth or quality of hair, but also are able to produce immunogens and 
other products that may be useful to the organism taken as a whole. 

Page 4. 

The specification provides a working example in which DNA encoding green 
fluorescent protein (GFP) was introduced into hair follicles of histocultured mouse skin; 
the percentage of GFP-expressing hair follicles ranged from 22% to 67%. See pages 
11-12. In a second working example, hair follicles in skin samples were transfected with 
GFP-encoding DNA and grafted onto recipient mice. The results showed that "the 
percentage of hair follicles with GFP fluorescence in collagenase-treated skin was 5.7 
times greater than in hair follicles of untreated skin." Pages 14-15. Fluorescence was 
detected for at least 10 days after grafting. Figure 3B. 
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[d]ue to the art recognized unpredictability of achieving therapeutic levels 
of gene expression following direct or indirect administration of nucleic 
acids and the lack of guidance provided by the specification for the 
parameters affecting delivery and expression of therapeutic amounts of 
DNA into the cells using ex vivo gene transfer into histocultured organs or 
tissues, it would require undue experimentation to practice the instant 
invention. 

Examiner's Answer, page 10 

Appellants argue that the claims are directed to a method of genetically 
modifying tissues ex vivo and transplanting the modified tissue into a subject, and 
therefore do not require achieving therapeutic levels of gene expression. Appeal Brief, 
page 5. Appellants point to the specification's discussion of prior art techniques and 
working examples as guidance to those skilled in the art. Appellants assert that "[t]he 
pending claims are fully supported by the ample amount of knowledge available in the 
relevant art when the present application was filed and the guidance provided in the 
specification." Id, page 7. 

We agree with Appellants that the examiner has not adequately shown that 
undue experimentation would have been required to practice the claimed method. The 
examiner bears the initial burden of showing that a claimed invention is nonenabled. 
See In re Wright 999 F.2d 1557, 1561-62, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993) 
("[T]he PTO bears an initial burden of setting forth a reasonable explanation as to why it 
believes that the scope of protection provided by that claim is not adequately enabled 
by the description of the invention provided in the specification of the application."). 

"[T]o be enabling, the specification of a patent must teach those skilled in the art 
how to make and use the full scope of the claimed invention without 'undue 
experimentation.'" In re Wright , 999 F.2d 1557, 1561, 27 USPQ2d 1510, 1513 (Fed. 
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Discussion 

1. Claim construction 

Claims 1 and 1 1 are representative of the claims on appeal and read as follows: 

I . A method to introduce a nucleic acid molecule into a mammalian subject 
which method comprises 

transplanting into the dermis of said subject at least one hair follicle that 
has been modified ex vivo to contain said nucleic acid molecule. 

II. A method to introduce a nucleic acid molecule into a mammalian subject 
which method comprises transplanting into the corresponding tissue of said mammal a 
histocultured intact tissue that has been modified ex vivo to contain said nucleic acid 
molecule; 

wherein said histoculture has been treated with collagenase prior to 
modifying said tissue with the nucleic acid. 

Thus, claim 1 is directed to a method of introducing a nucleic acid into a mammal 
by modifying a hair follicle ex vivo to contain the nucleic acid and transplanting the hair 
follicle to the mammal. Claim 1 does not explicitly require that the nucleic acid be 
expressed or provide any particular benefit to the mammal. 

Claim 1 1 is similar to claim 1 but encompasses treating tissues other than hair 
follicles; in addition, claim 1 1 requires that the tissue be treated with collagenase before 
being modified with the nucleic acid. 

2. Enablement 

The examiner rejected claims 1-8, 11, 13-15, 17, and 19, all of the claims 
remaining, under 35 U.S.C. § 112, first paragraph, on the basis that the specification 
does not enable those skilled in the art to practice the claimed method without undue 
experimentation. The examiner considered the factors set out in In re Wands , 858 F.2d 
731, 737, 8 USPQ2d 1400, 1404 (Fed. Cir. 1988), and concluded that 
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Cir. 1993). "That some experimentation may be required is not fatal; the issue is 
whether the amount of experimentation required is 'undue.'" In re Vaeck , 947 F.2d 488, 
495, 20 USPQ2d 1438, 1444 (Fed. Cir. 1991). 

The enablement analysis must be focused on the product or method defined by 
the claims. "Title 35 does not require that a patent disclosure enable one of ordinary 
skill in the art to make and use a perfected, commercially viable embodiment absent a 
claim limitation to that effect." CFMT, Inc. v. Yieldup Int'l Corp. , 349 F.3d 1333, 1338, 
68 USPQ2d 1940, 1944 (Fed. Cir. 2003). 

Here, the examiner has acknowledged that the claims are not limited to 
therapeutic methods, but argues that because therapeutic methods are encompassed 
by the claims, such methods must be enabled in order for the full scope of the claims to 
be enabled. See the Examiner's Answer, page 12. 

The examiner's reasoning is logical but not entirely consistent with the case law: 
enabling the "full scope" of a claim does not necessarily require enabling every 
embodiment within the claim. See, e.g. , Atlas Powder Co. v. E.L Du Pont De Nemours 
&Co. , 750 F.2d 1569, 1576, 224 USPQ 409, 414 (Fed. Cir. 1984): "Even if some of the 
claimed combinations were inoperative, the claims are not necessarily invalid. ... Of 
course, if the number of inoperative combinations becomes significant, and in effect 
forces one of ordinary skill in the art to experiment unduly in order to practice the 
claimed invention, the claims might indeed be invalid." Atlas Powder concerned claims 
to a product, not a method as here, but the same principle applies - a claimed method 
does not lack enablement merely because it cannot be practiced under some 
circumstances or to achieve some particular result. 
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In re Cortright 165 F.3d 1353, 49 USPQ2d 1464 (Fed. Cir. 1999), is instructive. 
In Cortright , the applicant claimed a method of "treating scalp baldness with an 
antimicrobial to restore hair growth." \± at 1355, 49 USPQ2d at 1465. The Board 
reversed a rejection for lack of utility, but entered a new rejection for lack of enablement, 
on the basis that "restoring] hair growth" required returning the user's hair to its original 
state (a full head of hair). See id. "Because Cortright's written description discloses 
results of only 'three times as much hair growth as two months earlier,' 'filling-in some,' 
and 'fuzz/ the board reasoned, it does not support the breadth of the claims." tiL at 
1358, 49 USPQ2d at 1467. 

The court disagreed with the Board's claim interpretation, holding that "one of 
ordinary skill would construe this phrase [restoring hair growth] as meaning that the 
claimed method increases the amount of hair grown on the scalp but does not 
necessarily produce a full head of hair." \± at 1359, 49 USPQ2d at 1468. The court 
concluded that the claims, so construed, were enabled, id. 

As with the present claims, the claims in Cortright encompassed a method of 
obtaining results that might be difficult to achieve: here, therapeutically effective gene 
therapy; in Cortright complete restoration of hair growth. However, as in Cortright the 
present claims do not require that particular result: the present claims require only 
introducing or delivering a nucleic acid; Cortright's claims required only some restoration 
of hair growth. 

The court in Cortright did not dispute the Board's conclusion that completely 
restoring hair growth using Bag Balm® would require undue experimentation. See jcT at 
1357, 49 USPQ2d at 1467. The court nonetheless concluded that the claimed method 
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was not nonenabled merely because it encompassed one difficult-to-achieve outcome. 
The same reasoning applies here: the examiner may be correct that achieving clinically 
useful gene therapy using the claimed method would require undue experimentation, 
but the claims are not nonenabled merely for encompassing that difficult-to-achieve 
outcome. 

The claims are directed to methods of introducing a nucleic acid into a 
mammalian subject or delivering a nucleic acid to a hair follicle or intact tissue. The 
examiner has not adequately explained why the specification does not enable those 
skilled in the art to introduce a nucleic acid into a mammalian subject, or deliver a 
nucleic acid to a hair follicle or intact tissue, without undue experimentation. We 
therefore reverse the rejection for nonenablement. 



REVERSED 



Joan Ellis 

Administrative Patent Judge 



Toni R. Scheiner 
Administrative Patent Judge 



Eric Grimes 

Administrative Patent Judge 
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An Adenovirus Vector for Gene Transfer into 
Neurons and Glia in the Brain 

G. Le Gal La Salle, J. J. Robert, S. Berrard, V. Ridoux, 
L. D. Stratford-Perricaudet, M. Perricaudet, J. Mallet* 

The efficient introduction of genetic material into quiescent nerve cells is important in the 
study of brain function and for gene therapy of neurological disorders. A replication-deficient 
adenoviral vector that contained a reporter gene encoding (3-galactosidase infected rat nerve 
cells in vitro and in vivo. p-Gaiactosidase was expressed in almost all sympathetic neurons 
and astrocytes in culture. After stereotactic inoculations into the rat hippocampus and the 
substantia nigra, p-gaiactosidase activity was detected for 2 months, infected cells were 
identified as microglia] cells, astrocytes, or neurons with anatomical, morphological, and 
immunohistochemicaJ criteria. No obvious cytopathic effect was observed. 



The ability co deliver foreign genes and 
promoter elements directly co terminally 
differentiated cells of the nervous system, 
which no longer proliferate, would be de- 
sirable for the scudy of the function and 
regulation of cloned genes as well as for 
gene therapy. Although a possibility is of- 
fered by defective herpes simplex virus vec- 
tors (I), their usefulness has been limited 
by their poor efficiency of infection and 
their pathogenicity. Here, we show that 
adenovirus, whose natural target is not the 
nervous system but the respiratory epitheli- 
um (2) , has the ability to infect nerve cells. 
The gene transfer and expression of adeno- 
virus are highly efficient both in vitro and 
in the intact rat brain. 

In addition to nonreplicacive infection, 
adenovirus has several assets (3). Its ge- 
nome can accommodate foreign genes of up 
to 7.5 kb. It has a large host range and low 
pathogenicity in humans, and high titers of 
the virus can be obtained (4). We used a 
replication-defective adenovirus, Ad.RSV- 
Pgal, which expressed a nuclearly targeted 
p-galactosidase (0-gal) cDNA under con- 
trol of the Rous sarcoma virus long terminal 
repeat (RSV LTR) promoter. (5). We tested 
the ability of this vector to infect primary 
cultures of sympathetic neurons of superior 
cervical ganglia (SCG). These cells, cul- 
tured in the presence of an antimitotic 
agent, provided a pure and homogeneous 
preparation of neurons (6). After inocula- 
tion of the virus, virtually all cells were 
positive foe 0-gal activity (7), with no 
apparent toxic effects or morphological 
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changes {Fig. I, A and B). Labeled cells 
were not detected when the staining reac- 
tion was performed on a parallel, noninoc- 
ulated culture (Fig. IC). We also tested the 
ability of adenovirus to infect primary cul- 
tures of rat hippocampal tissue that were 
enriched in astrocytes (8). Inoculation re- 
sulted in a blue nuclear staining in about 
two-thirds of the cells (Fig. ID). The iden- 
tification of stained cells as astrocytes was 
confirmed by additional staining with an 
antibody against glial fibrillary acidic pro- 
tein (GFAP) (Fig. IE). 

We next evaluated the ability of adeno- 
virus to infect cells of the brain in vivo in 
two regions, the hippocampus and the sub- 
stantia nigra (9). All injected animals ex- 
pressed {S-gal activity and p-gal protein, 
which were detected as early as 24 hours 
after inoculation and also in animals ana- 
lyzed after 2 months. The diffusion of the 
virus was greater in the hippocampus than 
in the substantia nigra. Infected cells were 
found throughout the entire dorsal region of 
the hippocampus (Fig. 2), whereas in the 
substantia nigra the overall pattern of in- 
fection was restricted mainly to a medial- 
lateral orientation (Fig. 3D). This differ- 
ence may reflect the propensity of the virus 
to spread through tissues that adhere loose- 
ly, such as the hippocampal fissure. 

The extent of the infected area was cor- 
related to the volume of viral solution ad- 



ministered. For instance, in rats killed 3 to " 
days after hippocampal inoculation, the ir. 
fee ted area was I to 4 mm ; for 3 co 5 u.U: 
virus injected (10 10 plaque-forming unit 
(PFU) per milliliter). Only minor difference.- 
in the distribution of the labeling were notec 
within the first week after inoculation (Fig. 
2 P A and B). At a longer time, however, the 
extent of the infected area was more restrict- 
ed and the labeling was confined co the 
granule cell layer (Fig. 2C). 

No cytotoxic effects in the infected ani- 
mals were apparent. All recovered from the = 
inoculation procedure without behavioral ab- 
normalities. Examination of the virus-infecr- 
ed brains revealed no enlargement of the 
lateral ventricle or disruption of the normal 
anatomy of the structures. The only notice- 
able alteration was local tissue necrosis and 
reactive gliosis that were restricted to the 
injected sites. This phenomenon was largely = 
result of injection trauma because a similar 
alteration was observed in animals that had 
been injected with saline. Finally, analysis or 
hippocampal cells with Nissl staining showed 
no cell loss or evidence of cytolysis within the 
pyramidal or granule cell layers. 

We then characterized the infected cell j 
types. At early times (I to 7 days), many of 
the p-gal-stained cells exhibited a mor- 
phology characteristic of microglial cells in 
both regions. These small cells had fine, 
highly branched processes extending radial- 
ly from the cell body (Fig. 3, A to C) . Their 
identification as microglial cells was con- 
firmed by additional labeling with the anti- 
body OX42. which is directed against type 
3 complement receptors (10), and with 
B4-isolectin (H). Some of the infected 
cells were astrocytes, as demonstrated by 
double staining with the X-gal substrate and 
an antibody directed against GFAP. 

We next determined whether neurons 
also were infected in both cerebral regions. 
In the substantia nigra, double-labeling ex- 
periments demonstrated coexpression or ; 
p-gal an^unmunoreacrivity for tyrosine hy- 
droxylase (TH), a classical marker of cate- 
cholaminergic neurons (Fig. 3D). About 
.50% of the p-gal-posirive celLs within the 
infected dopaminergic cell area were marked 



Rg. 1. Expression of 
in primary cultured cells af- 
ter inocufation by adenovi- 
rus Ad.RSvpgal. (A and 8) 
Virtually all the SCG neurons 
( 13) expressed p-gat. (C) In 
the absence of the virus, no 
labeling was observed. (D) 
in enriched astroglial cul- 
tures (74), about two-thiros* 
of the ceils were labeled. (E) 
Additional staining with GFAP 
(Oakopatts. Glostrup, Den- 
mark, 1:500 dilution, fluo- 
rescein-coniugated secondary antibody) confirms that the cells are astrocytes. Scale bars, 200 j^m 
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wtch a TH ancibody, which thereby demon - 
traces chat dopaminergic neurons were in- 
fected (Fi°. 3, E to G). In the hippocampus, 
which is composed of segregated and lami- 
nated cellular subgroups ♦ numerous p-gal- 
Kamed cells were unambiguously identified 
.« neurons on the basis or" morphological and 
macomical characteristics (Fig. 3, H to J). 
Recognition or" the cellular cype w as further 
vtcilitated because a tew cells revealed a 
Oolgi-Uke profile as a result of the diffusion 
of 3-gal enryme. These positively stained 
cells could be identified as pyramidal neu- 
rons, granule cells, and hilar intemeurons in 
the pyramidal cell layer CA1, che granule 
cell layer, and the hilus of the dentate gyrus, 
respectively (Fig. 3, H to J). 




Fig. 2. General patterns of fj-gai expression 
afier unilateral intrahippocampal inoculation of 
:he virus Ad,RSVf3gai. (A) Staining with X-gal 
snd fushm (Gurr, England) in a 40-vtm-thick 
•■rontal section of the brain of a rat killed 24 
"ours after injection. (B) Imnnunohistocnemical 
detection of 3-ga) 1 week after injection. The 
primary antibody was an affinity-purified rabbit 
■nmunoglobulin G fraction to p-gat (Cappel. 
^rganon. West Chester, Pennsylvania. 1:800 
cjiution) that was then bound with a streotavi- 
;in-biotinyiaied peroxidase complex (Amer- 
snam) wuh diaminobenzrdine as a chromcgen, 
•emforced wuh nickel. iC) Distribution of S-gal- 
cositive biue cells m tne dentate gyrus of the 
■".■ooocamous 1 month after miection. Counter- 
mining is snown in neutral red. Scale bar. 300 
j.rr,; n. hilus: nf. nippocamoal fissure; ml. mo- 
ocular layer: sg. stratum granulosum. 



In rats killed I and 2 months after inoc- 
ulation, the distribution of p-gal-positive 
cells was more restricted than what had been 
observed at earlier times. Although micro- 
glial cells represented a large number of 
(3-gal-expressing cells up to I week after 
injection into che hippocampus, their num- 
ber decreased at longer post- infect ion times. 
Most of the labeled cells at I month were 
neurons of the stratum granulosum (Fig. 4). 



As determined in sections counterstained 
with cresyl violet, (J-gal-posicive celU were 
restricted co the granular layer, and no pos- 
itive cells were seen in the innermost part ot 
the layer that includes most of the basket 
cells and a few glial cells. The same pattern 
was also obtained at 2 months. This restric- 
tion in che pattern may reflecc a change in 
the RSV LTR promoter activity; the activity 
of the RSV LTR promoter may be more 




Fig. 3. Characterization of 
glial and neuronal cell 
types infected by direct in 
vivo inoculation of the ade- 
novirus Ad.RSVpgal. (A to 
C) Immunohistochemical 
detection of fJ-gal expres- 
sion in microglial cells 5 
days after the injection into 
the hippocampus, immu- 
nological reaction was pro- 
cessed with peroxidase re- 
inforced with nickel (A) and 
with fluorescein-conjugat- 
ed secondary antibody (8 
and C). (D to G) Sections 
across the substantia ni- 
gra. Three days after 
intranigral inoculation, a 
dense blue £-gal staining 
was detectable in a great 
number of nigral cells (0), 
most of which were also 
shown to be double-la- 
beled with TH monoclonal 
antibodies (E to G) (8oeh- 
rmger Mannheim, 1 ;200 di- 
lution). Panel (E) is a higher 
magnification of the area 
with the highest density of 
p-gaupositive cells in (0). 
Arrows in (F) and (G) indi- 
cate cells double-stained for 3-gal and TH. (H to J) Sections across the hippocampus. Pyramidal 
celts in CA1 (H and I) and granule cells in the dentate gyrus (J) are labeled, p-gal activity was 
revealed by immunohistochemistry as in (A). The ceils in (O) to (G) were processed with 
histochemistry; in addition, the cells in (0) to (J) were labeled with antibodies. Scale bars: 30 p.m in 
(A), 300 ^.m in (0), and 100 )xxn in (E) and (H). Abbreviations are as in Fig. 2 except for snc. 
substantia nigra pars compacta; snr, substantia nigra pars reticulata; sp^: stratum pyramidale; so. 
stratum oriens; and sr, stratum radiatum. 




Fig. 4. Distribution of 
3-gal-positive cells in the 
dentate gyrus 1 month af- 
ter Ad.RSVfjgal inocula- 
tion. (A) Photomicrograph 
stained for p-gai expres- 
sion with X-gai histochem- 
istry. The ceils that are 
stained blue were ob- 
served in the dentate gyrus 
of the injected left hippo- 
campus. Scale bar. i mm. 
(B) Dentate localization of 
infected cells was con- 
firmed by immunonisto- 
chemicai 3-gal detection 

(staining with peroxidase oius nickel). Scale bar, 300 nm. (C) High magnification view snowing the 
large number of densely packed. {J-gaMadeled cell nuclei in the granule cell layer of the dentate 
gyrus. Abbreviations are as m Fig. 3. 
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icable in neurons than in glial celb. Another 
possibility is chac che virus mav be trans- 
ferred from one celt type to anocher, as has 
been described for rabies and herpes viruses 
(12). 

The use of adenovirus vectors provides a 
method co study the function of cloned 
genes, which is complementary to that of 
transgenic animals. For instance, infection 
of che hippocampus would be useful for che 
study of integrated phenomena such as 
long-term potentiation. The possibility of 
selecting the time at which a particular 
gene is to be expressed is important when 
the expression of a transgene in early devel- 
opment is deleterious to che animal. In the 
context of degenerative diseases, ic may also 
be possible to express neurotransmitters or 
growth factors locally as an alternative to 
the grafting of fetal celb. 
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CD40 Ligand Gene Defects Responsible for 
X-Linked Hyper-IgM Syndrome 

R. Cutler Allen, Richard J. Armitage, Mary Ellen Conley, 
Howard Rosenblatt, Nancy A. Jenkins, Neal G. Copeland, 

Mary A. Bedell, Susanne Edelhoff, Christine M. Disteche, 
Denise K. Simoneaux, William C. Fansiow, John Belmont, 
Melanie K. Spriggs* 

The figand for C040 (C040L) is a membrane glycoprotein on activated T ceils that induces B 
cell proliferation and immunoglobulin secretion. Abnormalities in the C040L gene were asso- 
ciated with an X-linked immunodeficiency in humans (hyper-IgM {immunoglobulin M) syn- 
drome). This disease is characterized by elevated concentrations of serum IgM and decreased 
amounts of all other i so types. C040L complementary DNAs from three of four patients with this 
syndrome contained distinct point mutations. Recombinant expression of two of the mutant 
CO40L complementary DNAs resulted in proteins incapable of binding to CD40 and unable to 
induce proliferation or IgE secretion from normal 8 ceils. Activated T cells from the four affected 
patients failed to express wild-type CD40L, although their 8 cells responded normally to 
wild-type C040L Thus, these CO40L defects lead to a T cell abnormality that results in the 
failure of patient 8 cells to undergo immunoglobulin class switching. 



Human hyper-IgM immunodeficiency is a 
rare disorder characterized by normal or ele- 
vated serum concentrations of polyclonal 
IgM and markedly decreased concentrations 
or IgA, IgE, and IgG (/, 2). Reports of 
X- linked, autosomal recessive, autosomal 
dominant, and acquired forms of the disor- 
der indicate genetic heterogeneity and that 
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several different pathologic mechanisms may- 
be responsible (2, 3). In the X-linked form 
of hyper-IgM syndrome, affected males usu- 
ally experience che onset of recurrent infec- 
tions in the first year of life. ArJecced males 
have normal numbers of circulating B and T 
lymphocytes, although lymph node hyper- 
plasia with ah absence of germinal centers is 
common (f, 2). This condition is lethal in 
the absence of medical intervention; howev- 
er, patients typically respond well to a main- 
tenance therapy consisting of intravenous 
treatment with 7 globulin. 

The cellular abnormalities that underlie 
the various forms of hyper-IgM syndrome are 
unclear. Studies of patterns of X chromo- 
some inaccivation in obligate carrier females 
indicate a randomized pattern of X chromo- 
some usage in either B or T lineage cells, 
which suggests that the defect does not alter 
maturation of these celb by cell autonomous 
mechanisms (4). Some studies have suggest- 
ed that che affected phenotype is likely a 
result of B cell dysfunction insofar as patient 
B cells treated with polyclonal B cell activa- 
cors, such as pokeweed mitogen, could not 
be induced co switch co IgG or IgA produc- 
cion (5). Other reports suggest chat che 
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Adenovirus VAI RNA Is Required 
for Efficient Translation of Viral 
mRNAs at Late Times after Infection 



Bayar Thimmappaya,* Gary Weinberger, 
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Summary 

Two adenovirus type 5 mutants were constructed 
to probe the function of the virus-encoded RNA 
polymerase HI transcripts (VA RNAs). Each mutant 
fails to synthesize one ol the two VA RNA species. 
The variant that does not produce the minor VAN 
species grows normally. The mutant that cannot 
synthesize the major VAI species grows more poorly 
than Its parent. Analysis of the mutant s growth 
defect indicates that the adenovirus VAI RNA is 
required for efficient translation of viral mRNAs at 
late times after infection. 

Introduction 

The adenovirus (Ad) VA RNAs are small RNAs (about 
160 nucleotides) synthesized in large amounts late 
after infection (Reich et al., 1966; Soderlund et al., 
1976) The RNAs are encoded by two different genes, 
which are designated VAI and VAll (Mathews. 1975). 
The genes are located at about 30 map units on the 
Ad2 or Ad5 genome (Mathews, 1975; Pettersson and 
Philipson, 1975; Soderlund et al., 1966), and their 
nucleotide sequence has been delineated (One and 
Weissman. 1Q70: Thimmappaya et aL. 1979; Akus- 
jarvi et al.. 1980). The VA RNA genes are transcribed 
by RNA polymerase III (Wemmann et al.. 1974: Sod- 
erlund et al , 1976) and conlain intragenic transcrip- 
tional control regions (Fowikes and Shenk. i960; 
Guilfoyle and Weinmenn. 1981). VAI RNA is made m 
much larger amounts at lale limes after infection than 
the VAll species (about 40:1). Some and perhaps all 
of the VA RNA molecules exist as ribonucleoprotem 
particles in association with at least one cellular pro- 
tein antigen, which is recognized by the anti-La class 
of lupus sera (Lerner et el.. 198 la. 1981b) 

To P'obe the function of the VA RNAs. we have 
constructed two Ad 5 variants, each of which falls to 
synthesize one of the VA species. The mutant that 
does not produce the minor VAll species grows nor- 
mally. However, the mutant that cannot synthesize the 
major VAI species grows more poorty than its parent. 
Analysis of the mutant's growth defect leads us to 
conclude that VAI RNA is required for efficient trans- 
lation of viral mRNAs at late times after infection. 

• Prcsonl address. Department ol Mi crotxo logy -Immunology. Non*- 
weetem University School ot Medicine. Chicago, Illinois e06i 1 



Results 

Construction ot Variants 

we have previously constructed and characterized 
deletion mutations within the adenovirus VA RNA 
genes carried on recombinant pla6mids (Fowikes and 
Shenk, 1980). Several of the deletions destroyed the 
ability of the cloned genes to function as templates 
for RNA polymerase III in cell-free lysates. Two ot 
these transcriptionally inactive VA RNA genes were 
chosen to be rebuilt into intact viral chromosomes, 
replacing the wild-type loci. One carries a deletion of 
29 bp within the VAI RNA gene <pA2-d/4>. and the 
other lacks 17 bp within the VAll coding region <pA2- 

The protocol for reconstructing the plasmid-dertved 
segments back into the viral chromosome is dia- 
grammed in Figure 1. Small DNA segments carrying 
the VA-specilic deletions were first transferred to 
plasmids that contained much larger segments of the 
viral genome. Intact viral chromosomes were then 
rebuilt via a three-fragment ligation. A 0-29 map un»t 
tragment was prepared from d/31 3 viral DNA: the 29- 
46 map unit segment was from the recombinant plas- 
m.d carrying the VA deletion; and b 46-100 map un.t 
fragment was obtained from d/324. The 31 3 and 324 
deletions were included in the construction for tech- 
nical purposes (discussed in the Experimental Pro- 
cedures). The 324 deletion (79-85 map unns) is lo- 
cated within early region 3. a transcription unit known 
to be nonessential for growth of adenovirus m cell 
culture. The 313 deletion lies within early region 1. 
Viruses carrying this deletion can be complemented 
by propagation in 293 cells (a human embryonic kid- 
ney cell line that contains and expresses the AdS early 
region 1 Graham et al.. 1977). As a result, the 313 
and 324 deletions will not affect the phenotypes ot 
reconstituted viruses, provided they are studied in 
293 cells. 

Both viruses carrying VA-specitic mutations are vi- 
able and can be propagated in 293 cell cultures. The 
mutant lacking a portion of Us VAI RNA gene is des- 
ignated d/330. and that lacking a segment of the VAll 
RNA gene is d/326 (F.gure 2). A derivative of d/330 
was prepared that does not contain the 313 deletion 
and is capable of growth in Heia colls This derivative 
is 07331 . end is indistinguishable from d/330 in its VAI 
RNA-specitic properties. 

The Mutants Each Fail to Prbduce One VA RNA 
Species In Vivo 

As expected, d/330 and 328 DNA failed to direct the 
synthesis of vai and VAll RNA. respectively, when 
assayed in a celMree polymerase III extract (Figure 
2). To test that the mutations also prevented transcrip- 
tion in vivo, infected 293 ceils were labeled with 
"PC- 3 ' and their cytoplasmic RNAs were analyzed 
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FrQure i. Diagram ol ine Protocol Used for Construction of Ad 5 
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Shaded portions: pBR322 segments. Solid oanoe: dele lions.. Restric- 
tion endonucJea&e cleavage sites ere positioned in AOS map unite 

(Figure 2). While cells infected with o7324 (isogenic to 
o7328 and 330 except at the va locus, where it lacks 
2 bp and fails to synthesize trie VAI(A) species; Thim- 
mappaya et al., 1979) contained large amounts of VAI 
RNA. none was evident in o7330-infected cells. Fur- 
thermore, 07330-infected cells contained greater than 
normal amount of the VAII RNA. Thi6 is consistent 
with our earlier observation thai a functional VAI gene 
competitively inhibits synthesis of the VAII species in 
vitro (Fowlkes and Sh en k ( i960). It was not possible 
to detect VAII RNa synthesized in whole cells by any 
of the viruses. To circumvent this problem, nuclei were 
prepared from infected ceils and incubated for a short 
period in the presence of c- 34 P-UTP. VAII RNA was 
clearly detectable in nuclei from cells infected with 
wr300, 07324 or o7330 but not wirh tf/328 (Figure 2). 
Thus the 328 and 330 deletions prevent transcription 
of the altered VA RNA genes both in vitro and in vivo. 

Growth Characteristics ol Viruses Carrying 
VA-Speciflc Mutations 

The growth kinetics and yield of mutant and wild-Type 
viruses were compared (Figure 3). The growth of 



Figure 2. Eieclrophoretlc Anaiyala of VA RMaj 
In vUro transcription reactions were carried out as described by 
Fowlkes and Shenk (i960; uaing *hcle viral DNAe as template in 
v,vo analyses were performed by infecting 293 ceUs wlin the indicated 
virue.es at a multiplicity of S piu/ceU. labeling from 2-16 hr after 
mfvenon with "PO«* fc (200 jtCi/mi) and eif/actmg Total cytoplasmic 
RNA, Nuclei were Isolated fWemmann et el. 1974) ei 17 hr after 
Infection and labeled Tor 20 mm with ©-"P-UTp <200 pG/mi} bifore 
total nuclear rna was prepared Electrophoresis was performed 
u*lne a 6% polyacrylemlde slab gef C0.fi mm tMcK, *0 cm long, 
containing 6 M urea in a Trla*bo»ete buffer) for either 9 or 12 hr at 
500 V o732« produces only the va«G) species due 10 a 2 Dp deletion 
,n rh« 5'-fianmnQ region of the VAI transcription unit (Thimmappaye 
ei ft I.. 1979) The330and328deieiionaw,thinthe VAI and vaII Rna 
coding regions are diagrammed et the lop. The dele rk>n$ are looted 
relative to the Va transcriptional Stan sites (A atarr 1or va». and the 
base paire idemifiefl are the leal present on «.|her boundary of the 
deletions. 



d/328 (VAr/VAlP) is very similar to tnat of either 
07324 (parental virus) or wfSOO in 293 cells. In con- 
trast. 0/330 (VAP/VAID grows more slowly and 
reaches a 20-fold reduced yield relative to the other 
viruses by day 5, when all infected cells have de- 
tached Trom the Culture dish. 

The Poor Growth of d(330 Is Due to a Lack of VAI 
RNA 

It was important to establish that the reduced growth 
potential of o7330 resulted from the lack of VAI RNA. 
There is an open reading frame on the VAI RNA- 
coding DNA strand, and it was conceivable that the 
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Figure 3 Growth Kinetics Ol Wutanl and Wild-Type Viruses and 
Complementation of the ©7331 <VAIVVAir> Mutation with an SV«0 
Recombin*ni Carrying tnt va» una Gent 

<A) To monitor prowl" kinetics. 293 ceM ~ere inrcctefl ai a multiplicity 
of 3 ptu/cell. end the vlrue yield at the mdiceied times otter infection 
««s measure* by P»«QuC as*ay on 293 cens. (8) T 0 demonstrate 
complemenlet.on. CV-iP cells were infected with SV40 or SV-VA el 
e mun.piicty of 5 ptu/ccfl: 40 tv later the ce«s were supcr.ntcctcd 
with Ad5 <wi300 or oV33D at b multiplicity of 3 pfu/cell Yields of 
Ado at the indicated times after Ad5 taction were measured by 
piaque assay on 293 eerie 

330 delation altered an as-yet-umdentified polypep- 
tide To rule out this possibility, we tested the ability 
of a recombinant SV40 virus carrying and expressing 
the Ad5 VAI RNA gene (designated SV-VA; Weinber- 
ger et ai.. to complement the 07330 detect 
(Figure 3)' The experiment was performed tn monkey 
kidney (CV-1P) cells to permit optimal growth of the 
SV40 recombinant. Wild-type Ad5 (wt300) grows 
poorly in monkey kidney cells. As has been known for 
many years, its poor growth is complemented by 
colnfection with SV40. Mutant d/331 (Vap/vaii". a 
derivative of d/330) also grows very poorly in monkey 
kidney cells. Wild-type SV40 only partially comple- 
ments the d/331 growth detect, while collection with 
the SV-VA recombinant generates a near wild-type 
yield. The only adenovirus-apecific gene product en- 
coded by SV-VA is the VAI RNA. Thus we conclude 
that the d/330/331 growth defect results from the 
inability lo synthesize VAI RNA. and this defect can 
be complemented in trans. 

Viral mRNAe Are Translated Inefficiently at Late 
Times after Infection in d/330-lnfected Cells 
The d/330 (VAr/VAID growth cycle was found to 
proceed normally through the production of late 
mRNAs. Polypeptide synthesis at late times after in- 
fection, however, was dramatically reduced. The fol- 
lowing events were monitored. 
Early Protein Synthesis and DNA Replication 
Analysis of viral polypeptides produced at 5-7 hr after 
infection (EiB, 58 kd, data not shown; E2A, 72 kd, 
Figure 4) by immunoprecipitetion indicated that they 
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Figure * Elect rophorct«c Analysis ot the Early Region 2A.Specl1ic 
72 kd Polypeptide Synthesized in 293 Cells after Infection with d/324 
(VaIVVAID, OV32B (VAlWAin or d/330 (VAlVVAlT) 
Celts were infected el a multiplicity of 5 pfu/ccH and labeled »»m *S- 
methionine (50 ^Ci/rrU) 5-7 <tocJ or 1 6- 1 8 (bottom) hr after infection 
Extracts were prepared, end lmmunoprecip»tBt»oni we*e performed 
usmg a monoclonei entibody (1-1: gift from A- Levine) specific ior trie 
adenovirus early region 2A 72 kd polypeptide. Accurate quantitation 
0» 72 kd polypeptide levels wet achieved DV subjecting me super - 
naiants Generated by the rlrei precipitation (lanes 1) to h*o additional 
cycles (lanes 2 and 3) of trrmunoo'ecipUat'O"- Electrophoresis was 
carried oul tor 1 6 hr ar 1 5 mA In a 1 S% polyacrylamidc gel containing 
0 t% SOS. as described by Sarnow el ai. <i 



were synthesized at enhanced levels in 293 cells 
infected with d/330 as compared with wf300- or 
d/324-intected cells. This early perturbation is not due 
to altered VA RNA expression, since a derivative of 
d/330 that contains and expresses a functional VAI 
gene inserted in region E3 also synthesized enhanced 
levels of early polypeptides at 5-7 hr after infection 
(data not shown). Furthermore, altered early expres- 
sion cannot be the cause of the late d/330 defect 
described below, since d/328 exhibits Bn identical 
early phenotype but no late defect (Figure 4). 

Viral DNA replication wa6 normal in d/330-infected 
293 cells (Figure 5). In fact, it is our impression from 
several experiments thai the onset of viral DNA repli- 
cation occurs somewhat earlier in d/330- than in 
wf300- or d/324-infected cells. Tnjs may be due to 
enhanced early gene expression in d/330-infected 
cells. It is also clear that d/330 ie capable of shutting 
off host-cell DNA synthesis (Figure 5)- 
Synthesls of mRNAs at Lste Tim&s after Infection 
Figure 6A depicts a Quantitative Northern-type analy- 
sis of cytoplasmic, poly(A)* RNAs produced ind/330- 
or d/324H'nfected cells at 17 hr after infection. Identi- 
cal RNA transfers were probed with "P-labeled DNAs 
corresponding to either a transcript ion unit expressed 
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at both early and late times after infection (E2A) or to 
a late family of mRNAs <L3) Mutant-infected cells 
contained about the same levels of E2A- and L3- 
speclfic RNAs as did cells infected with The parental 
virus. Similar results were obtained using DNA probes 
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Figure 5 EqulHo^um Density Centriruoshon ot DNAs Synmestfed in 
2S3 Celie mftcted wch 07324 (VAI" /VaU*) or 330 (VAr/VAII*) 
Cells *ero 'Elected at a multiplicity of 5 pfu/cetl and labeled wnh J H 
thymidine (iOfiG/ml) for ihc rndicaiea Omo periods otter infection 
Total ccllu'ar Ona wa* prepared and analyzed by centriiygahon 
Arrows, ihe location of "P-iaDtfled <*/32« DNA. whicn mcludcc 
as a marker (MKR) 



specific for two additional late mRNA families (Li and 
L5; data not shonw). 
Splicing of Late mRNAs 

AH of the mRNAs encoded within the major late tran- 
scription unit contain leader sequences encoded at 
16.5. 19.5 and 26.5 map -units joined to coding re- 
gions located between 30 and 90 map units. So, if the 
late species were not spliced, they would be much 
larger and would migrate more slowly when subjected 
to electrophoresis. The d/330-specific late mRNAs are 
most likely properly spliced, since they migrate iden- 
tically to d/324-specific species (Figure 6A). To further 
establish that late RNAs encoded by d/330 are 
properly spliced, a primer-extension experiment was 
performed (Figure 6B). A small DNA fragment corre- 
sponding to the 5'-coding region of the major L3 
mRNA was annealed to total poiy(A)~ RNA, and the 
hybridized primer was extended using reverse tran- 
scriptase. The length ot the extended product was 
identical for d/324- and 330-specific RNAs. Thus the 
tf/330-specific mRNA is properly processed to gen- 
erate Ihe characteristic late tripartue leader joined to 
the L3 coding region. 

Capping and Polyadenylatlon of Late mRNAs 
293 cells were infected with either d/324 or 330 and 
labeled 14-18 hr after infection with 3 H-adenosine. 
Cytoplasmic, poly(A)* RNA was prepared, and >80% 
of the labeled RNA was shown to be virus-specific. 
The relative amounts of label in rype 1 cap structures 
and poly(A) tracts were determined (Table 1) d/324- 
and 330-specific RNAs were nearly indistinguishable, 
and we conclude that late viral mRNAs are properly 
capped and polyadenyiated in the absence of VAI 
RNA. 
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Figure 6 Analysis of Virai mRNA Species Present ai Late T, mos after Infechon in 293 Cells Intecied with d/32* (VAr /VA!l-)0' 330 (VaIVvab") 

^»TrZ P VT^ °' V,ra ' " RNAS CiMOp,B8rn,C - ™* prepared from 293 cella at 17 hr after Infccbon wuh either v,rus a, a 

multiplicity 01 5 ptu/ceii. The lnd.caie<J amounts <.n m, C ro 0 rama) ot RNAs were subjected to electrophoresis at 100 V lor inrm 1% agarose otto 
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2 «1?Z « " flrle ' y5,8 ° f 13 mPNA6 6PfcC ' flC ,0 ' h610n The "» n0w « P»™' » as subjected to electro** for S hr 01 BOO v * 
an e» potyecryiamlde pe i (0.3 mm tmck. 40 cm long, containing 6 M urea in a Tns-boreic butter) 
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Synthesis of Polypef* tides at Late Times after 
Infection 

infected 293 celts we re labeled with 3S S-methionine 
16-20 Of 24-48 hr after infection, and polypeptides 
were analyzed by electrophoresis (Figure 7). o7330- 
infected cells contained reduced levels (about 6-fold) 
of ell late polypeptides as compared with cells infected 
with either d/324 or 328. Expression of two early 
polypeptides (E1B, 5S kd, data not shown; E2A, 72 
kd. Figure 4) was also monitored and found to be 
reduced (8 to 10 fold> in d/331 -infected cells at fate 
times after infection. The low level of cf/330-specific 
polypepiiaes appears io be due to a reduced rate of 
protein synthesis (as opposed to an increased rate of 
degradation), since tr"»e reduction »s evident during 
labeling periods as short as 2 mm, Furthermore, anal- 
ysis of a d/330-mfected culture by immunofluores- 
cence indicates that all cells contain similar levels of 
properly localized late polypeptides (as opposed to 
different levels in different cells) (data not shown). 

The experiment depicted in Figure 7 also indicates 
that hosi-cell protein synthesis is shut off subsequent 
to infection with the VAI" mutant (compare lanes 
MOCK with lanes 07330). The VAII' mutant also shuts 
off host-cell synthesis (not apparent in this experi- 
ment, since o7328 was inadvertently used at too low 
a multiplicity to infect all cells). 

Late d/330 rnRNAs Are Efficiently Translated in 
Cell-Free Reticulocyte Lysates 
Total. poly(A)* RNA v^as prepared from both d/324 
(VAr/VAH*)- and 330 (VAC /VAir )-mfected 293 
ceils and used to program mRNA-dependent, rabbit 
reticulocyte lysates. Tfte response to d/324- or 330- 
specific RNAs was essentially identical, and was de- 
pendent on the concentration of added RNA (Figure 



Table 1 d/330 Late mRNAs Are Properly Caoped end Poiyoocnyl- 

dted 

Percentage of Total *m- Adenosine" 



07324 d/330 



Ad5-apeeific Rna" 


>eo 


>ao 




Type 1 cape' 








m'GppDA* 


0.039 


0.043 




T» f Gpppm p A* 


0.032 


0 0*2 




PoiytA) - 


18 23 


16 90 





fc Cena were labeled with a H-«oc«osine (250 *iG/ml) 1«-1B hr after 
miect'on 

" Total cytoplasmic, poly(A)' RN* prepared. *H-labeied RNA 
was compeiely resistant 10 S 1 endonucieasc after annealing in me 
pretence of enceac DNA. Ana ennta'ed m the absence o> DNA 
was 20% S^crtdonucieeae-re 5>stant. 

c Rna was digeaied -nth T2 RNAase, PI nuclease and bacienal 
a ik aime phosphBiaae Prod act 5 were anatyicd by reversed -ph a ac 
hiph-pr«ssu;e IiQlxO chromatoQraPhy. 

* RNa w jit digested wlihTi and pancreatic RNAaaes. Products wer# 
anaiyzea oy eiectrophoreeic on a 6% poiyacryiamide get. 



6). There are several relatively minor differences be- 
tween the translation products of the two RNA popu- 
lations. The repioducibiiity of this observation and the 
identity of the altered polypeptides are under investi- 
gation. It seems clear, nevertheless, that d/330-tn- 
fected cells contain normal quantities of functional 
late mRNAs, but they are not efficiently translated. 

Discussion 

Cells infected with d/330 or 331 (VA'/VAII*) contain 
normal levels of both early and late viral mRNAs 
(Figure 6). These RNAs appear to be properly capped, 
spliced and polyadenyiated (Table 1 : Figure 6); cel- 
lular fractionation indicates they are localized in the 
cytoplasm ol infected cells; and they are efficiently 
translated in vitro (Figure 8) However, d/330- or 331- 
mlected cells produce reduced levels of both early 
and late polypeptides at late times after infection 
(Figures 4 and 7). Thus we conclude that vai RNA is 
required for efficient translation of viral mRNAs at late 
times after infection. 

vai RNA may also be required for translation of 
adeno-associated virus (AAV) mRNAs. Jantk et al. 
(1981) have concluded That v*A RNA is one of several 
adenovirus gene products required for AAV growth 
Furthermore. Jay et al. (1981) have found that 
H5fs125 (which carries a single-base-pair change m 
the L2. 72 kd polypeptide; Ginsberg et al.. 1974; 
Kruijer et al., 1981) fails to complement AAV Bt the 

16 HR AFTER INF 2< HP AFTER IN? 
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Figure ?. EiecTropnoreoc Anaiyiis of Polypeptides Synthesized m 
232 Cells it LaiC Times Otter inaction v«mo732« (VAI* /vaIi* j, 0/328 
(VAI'/VA )orc7330<VAI /VAIT) 

Cells were mlecied Bl e multiplicity of 5 plu/ceti (OCCDt with 0732B. 
which wa$ used at i oiu/ml) and labeled with "S-meth»omne (20 
pCi/ml) 16-20 or 2«-2fi hr fitter mieCi>on. Extracts were prepared 
irom labeled, initcied ceHS or from mock-mfecieo CCl's (lanes MOCK) 
and elecirophoresifl was carried out as described »n me legend to 
Figure 4. (Lane VlRrON) Labeled vnon protema. included as size 
markers. 
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Figure 8. Eiecuophorehc Aneiya* of Potypophdee Synthesized m 
Rabbit Reticulocyte Lyeaiea programmed with oi2?< (VAC /VAII") or 
07330 (VAC /VAfr) Poty(A)* R*as 

393 celts were mlectcd at a muMioticlry of 5 plu/colt. end total 
cytoplasmic, polypi* RNA was isolated at 1 7 hr aner infection The 
Rna (50 or 200 ng) was translated in mRNA-dependeni reticulocyte 
lysatee aa described by Pelham and Jackson (1976). Electrophoresis 
wes carried Owl as described 'or Figure 7. (Lane VIRION) LaoeiOd 
vmon proteins. Included ea sue rrerhers. 

nonpermissive temperature. Infected cells contain 
normal levels ot AAV-specific mRNAs, but synthesis 
of the AAV structural polypeptides is reduced 50-fold. 
Since at the nonpermissive temperature H5fsl25 fails 
to replicate its DNA (Ginsberg et al., 1974) and pro- 
duces little VA RNA (Jones and Shenk, 1979b), the 
translational defect could well result from a lack of VAI 
RNA. 

Like adenoviruses, Epstein-Barr virus encodes two 
small polymerase III transcripts called EBER1 and 
EBER2 (Lerner et al., 1981a; Rosa et al.. 1981). 
These RNAs might also function at the level of trans- 
lation. We are currently testing whether they can 
functionally substitute lor the va species. 

Do VAI end VAII RNAs perform the same function? 
The two RNAs exhibit scattered homologies amount- 
ing to about 60% ot their sequence (Akusjarvi et al., 
1980). if their function is identical, one could suggest 
that 07328 (VAr/VAH") grows normally, since it still 
produces large amounts of the major VAI species and 
lacks only the minor RNA. Similarly, the poor growth 
of 4/330 would be attributed to its inability to produce 



sufficient quantities of the VAII RNA to offset the loss 
of the VAI species. An alternative interpretation of our 
data could suggest that the VAII RNA functions poorly 
or not at ell (it is nonessential and cannot functionally 
compensate for the lack of the VAI species). Since the 
functional status of the VAII species is unclear, we 
cannot yet say whether VAI RNA is absolutely required 
or merely enhances translation at late times after 
infection. We also cannot rule out the possibility that 
the Va RNAs perform additional functions during the 
viral growth cycle. To address these questions, we 
are currently attempting to construct and propagate 
a double mutant (VAr/VAlP). 

How does VAI RNa function in translation? So far. 
we have established that the rate of nascent polypep- 
tide elongation at late times after infection is the same 
in d&31- and wf300-infecled cells. Polysomes are 
smaller (that is, they contain fewer ribosomes per 
mRNA) at late times after infection in mutant than m 
wild-type-infected cells, and d/33l -infected cells con- 
tain large amounts of free, 74S ribosomes (our unpub- 
lished data). These observations suggest a role for 
VAI RNA during initiation of translation. The mecha- 
nism by which VAI Rna facilitates initiation is unclear. 
Conceivably, the Va nbonucleoproteins (RNPs) serve 
to properly iocall2e viral mRNPs in the cytoplasmic 
compartment, perhaps by attaching them to the cel- 
lular cytoskeleton, where they can be actively trans- 
lated (Cervera et al., 198D and/or to cellular struc- 
tures that not only facilitate initiation but also allow 
proper cellular localization of the newly synthesized 
polypeptides. Alternatively, the particles may direct 
one or more initiation factors to viral mRNAs. Both of 
these models are attractive because they provide a 
rationale for the very large amount of Va RNAs pro- 
duced m infected cells. In the first case, the RNPs 
perform a structural role; in the second, they out- 
compete, by virtue of their numbers, presumptive cel- 
lular RNPs, which serve a similar role in cellular protein 
synthesis. 

Do small RNAs play a role in the initiation of trans- 
location on cellular mRNAs? It is possible that VA 
RNAs serve a function required only in virus-infected 
cells. For example, infection by a variety of viruses is 
known to alter permeability of the celt membrane, 
causing an intracellular imbalance in small compo- 
nents such as ions, thiol compounds and ATP (see, 
for example. Carrasco, 1978; Fernandez-Puentes and 
Carrasco, 1980; Ramabhadran and Thach, 1981). 
Thus VA RNAs could be required for efficient trans- 
lation in an altered cellular environment. In a similar 
vein, VA Rnas could counteract a cellular antiviral 
response at late times after infection. Alternatively, 
the adenovirus VA RNAs mBy have counterparts that 
function during cellular translation. Animal cells con- 
tain a variety of small, cytoplasmic RNAs (see. for 
example, Eliceiri. 1974: Zieve^end Penman. 1976: 
Jelinek and Leinwand, 1978; Weiner, 1980). The 



S4B 



number of RNA species a ppears quae large, given the 
recent demonstration that hamster Atu-equivalent in- 
terspersed-repetitive DNA sequences are transcribed 
in vivo (Haynes and Jelinek, 1981) and the likely 
possibility that many members of the human Alu family 
(Houck et ai , 1979) are also expressed (as is the 
case in RNA polymerase III ceil-free extracts: Duncan 
et al., 1979). Consistent with a role m translation, 
small RNAs have been reported either to base-pair to 
poly(Ar RNA (4.5S; Jelinek and Leinwand. 1978; VA 
can also bind to viral mRNAs: Mathews, 1980) or to 
be polysome-associated (7S: Walker et al., 1974: 
Gunning et al. ( 1981). Perhaps there are a variety of 
small, cytoplasmic RNAs That facilitate translation of 
broad classes of mRNAs. Conceivably, these small 
RNAs play a role in certain types of translational 
control. The heat-shock response is one example in 
which particular mRNAs are preferentially translated 
(Ashbumer and Bonner, 1979; Scott and Pardue. 
1981; Bienz and Gurdon. 1982). In fact. McCormick 
and Penman (1 969) have interred the existence of an 
RNA that promotes the initiation of peptide synthesis 
in Heta cells subjected to heal shock. Translational 
control has also been described in a variety of devel- 
opmental systems, mcludi ng the slime mold (Alton and 
Lodish, 1977). surf clam (Rosenthal et al., 1980) 
startish (Rosenthal et at., 1982) and mouse (Cascio 
and Wessarman. 1982). Although small RNAs have 
not yet been implicated, tfiey could play central roles 
in these and other processes that regulate protein 
synthesis. 

Experimental Procedures 

Plasniida, Viruses. Cells Bnd Enzymes 

The recombinant plaamlds pA2-o7* and pA2-d/8(Fowikes and Shenk. 
19B0) contain a 26. 5-31. S mao unit Ao2 DNa segment inserted 
between the Sal I and Hind "I cleavage sites OT pBR322 (Bolivar ci 
ai M 1677) pA2-£/4 tacks 29 bp at approximately 29.5 map unita 
within the vai RNA coding reg«o« ( + 48 to 4 79 reiahve lo the VAUA) 
transcriptional start sire}, end pA2^/fi lacks 17 bp wim<n the Vaii 
Rna coding region (4 56 10 +7* relative to the VAIt start site). pAS* 
SatC contains the AOS Sal I C fragment (27-46 map units) inserted at 
the pBR322 Sal I deevage site. Piasmrds were propagated in Escn* 
ericnia cod strain HB 1 01 . 

wno-ryp* Ad5 (H5wi300) is a plaaue-purlfleo derivative of a stock 
originally obtain^ from H Ginsberg. H5d/324 contains the 313 
Deletion (3.8-10.2 map units. Jones and She nh. i979e) and the 309 
oeieiion (-2 bp within the Xoa I cleavage site at 29 map unlit; 
Thimmaopeya el si.. 1979). and it lacks the 79-84 map unit Xba I 0 
fragment (referred to as the 324 deletion) HSd/326 and 330 are 
•sogenic to HSd/324 except within the segment bounded by the 29 
map unit Xba t elte end 3i.5 map unit Hmo ill cleavage site This 
region has been replaced by pA2-d/8 sequences in d/328 (- 1 7 bp 
within VAIO end pA2-dM seouenccs in d/330 (-29 bp withm Vai). 
The construction of these mutants is diagrammed in Figure 1. and 
their VA-specific alterations B re depleted in Figure 2. The Va muta- 
tions were CKiginBfly constructed in s background containing the 313 
and 324 deletions because we Anticipated the mutants might be 
nonviable. The additional deletions form pari of a complementation 
scheme Since the mutants are viable, the additional deletions serve 
no purpose. The 32 4 deletion has no effect on virus prowih in cell 
culture, but the 313 deletion confers a host-range phenotype on The 
viruses (Jones and Snen*. iS79a>. As a result, d/324. 326 and 330 



g*ow normally on 293 ceils, which contain and express the early 
region i segment (hat they lack, but they arc defective tor growth in 
HeLa cells HSd/331 was donved by marker rescue 01 d/330 tor 
growth «fl HeLa cells, and H no longer contains the 313 deienon. 
H 507330 m 293 cells and H5d/331 in HeLa celts are used inter* 
chengeabty throughout this report. 

Wild-type SV40 (wr630) is a ptaque-punfled derivative ol the SV$ 
strain described by Takemoto et a'. (1966). Sv-VA <s a recombinant 
$V40 that carries The Ad5 VAI RNA gene within lie tale coding region, 
and ll Is propagated uS<ng rsASB as a helper virus (Weinberger ei at . 
196D 

The 293 cell tine (AdS-transformed human embryo cells: Graham 
ct al . 1 977). HeU cells (obtained from J. Willie ma) and Cv*iP cc«$ 
(monkey kidney colls. Meru end 8erg. 1074 ) were maintained m 
Dutoecco's modified minima) essential mcd'unr* containing \0% call 
serum, 

All restriction endonudeasee were purchased from New England 
BtoLscs Polynucleotide kinase and DNA tig see from Td-inieciCd E 
COli jnd Tl. T2 and pancreatic nbonucieas.es were from P-L Bio- 
chemical Pi nuclease was obtained from Yemasa Snoyu Co Si 
endonuctease was from Sigma, ana bacterial alkaline phosphatase 
was from Wonhlngton Biochsmicsts Avian myeloblastosis virus re- 
verse transcriptase was from J. W Bea/d. Reaction conditions and 
units were as specified oy the vendors 

RNA Preparation and Analysts 

RNA wae isolated from cells el ifi or 17 hr aMer infection si a 
multiplicity of 5 piu/ced. A cytoplasmic traction was prepared by 
auspeno.ng cells * isolomc buffer (lOmM Tr.s-MCl (pH 7.8). 1 .5 mM 
MgCl>. 1 50 mM NaCI). and Nonioet P-40 was added to a concentra- 
tion ol 0.6% after the mixturo was cooled to 4*C. The mixture was 
held on ice tor 10 mm. then mixed by vortex for 10 sec The nudC* 
were pelleted by centMugation. and the supernatant was Ihe cyto- 
plasmic traction Cytoplasmic flNA *as prepared by mixing this 
traction with 3 volumes of 100 mM Tns-HCl (pH 9). extracting twice 
at room temperature with phenol (pH 9)-chioro'orm~>soamyl alcohol. 
500.100 1 (v/v) Bnd once wtth chloroform-iaoemyl alcohol, 49*1 (v/ 
v). and precipitating with 2 volumes ol ethanoi Poly<A)" RNA was 
•soiated by chromatography on ol<go(dT)-celluioae. 

Northern-type aneiyaia (AMne et al., 1977) of cytoplasmic. 
OOly(A)" RNA wsa performed using miroceliulose pape* tor RNA 
transfer according to Ihe procedure of Thomaa (1 960). Prime/-e«1cn- 
sion analysis ol hevon-sprclttc (L3 ) mRNAs employed tho procedure 
described by Akusjsrvi snd Pencrsson (1878) a 46 nucleotide Haa 
i- Alu 0 fragment specific lor the 5' coding region of 1*v hexon mRNA 
wasuBed asorimer. To analyze cap structures. a H-adenoeine-iabcit*d, 
pOiytA)- RNA was hydrolylOd with 50 U/ml T2 RNAiiSG and 50 pf}/ 
ml Pi nuclease in 10 mM sodium acotate (pH &) tor 6 hr at 37 f C. 
Ammonium hydroxide was added to a concentration of 10 mM. 
increasing the pH to 0. and 12 U/ml bacterial elk aim* phosphatase 
was added tor an additional 45 mm al 37*C Then Ihe solution was 
fr*apo'aied to dryness and redisBolveo in 0.3% acetonnnle m 1 M 
ammonium formate The products of hydrolysis were then resolved 
by reveraed-phasc high-pressure hQuid chromatography using an 
Aiie* Ultrasphere octadecyl silane column (4.6 mm internal diameter 
X 25 cm) and a mobile phase contain increasing amounts of aceto- 
nnnle in l M ammonium lormate (Atbers el al . 19B1 ) To analyze the 
poly(A) segment of mRNAs. 'H-adenoslne-iabeted. POly(A)' Rna was, 
hyO'Otyzed with 1 00 U/ml Ti and 1 M9/ml pancreatic RNAaaes «n 
0.2 m N a Q ( io mM Trlj-MCi (pM 7.4), 10 mM EDTA tor 30 mln at 
37*C The hydrotyxed RNA was subjectsd to fclecirophoretrs on e 
6St poiyacrylamide gel The position to which the poly(A) segments 
migrated was identified Dy 'luorograpny (Laskey end Mills. 1975), 
(hey were cut irom the gel and the radioactivity was measured 

Analyals of Polypeptides 

in wvo experiments were performed by infecting 293 cells at a 
multiplicity ol 5 pWceli end labeling with "S-methionme aa indicated 
in the figure legends Preparation Ol cellular eac tracts, immunoprecip- 
•tations and SDS-polyacrylamide Qe> electrophoresis were earned out 
as described by Sarnow et at. (1 982). For in vitro analyses, cylopias- 



mic, poMA)" rna was prepared from Intecied ceils as describee 
ebove and useo lo program mRNA-oeocndeni leilcolocyie lyoaics es 
described by Pemem and Jackson (1976). 
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